Cholesterol and phospholipids are the two important lipid components of membranes that regulate various cellular and metabolic processes by altering the activi ties of membrane-bound enzymes, receptors and also proteins involved in signal transduction mechanisms (1, 2) . The polyunsaturated fatty acyl chains of mem brane phospholipids not only serve as reservoirs for sev eral bioactive compounds like eicosanoids but also con tribute significantly to the physicochemical properties of the membrane lipid micro-environment (3-6).
Besides providing energy and essential fatty acids, namely linoleic (18:2 n-6) and a-linolenic (18:3 n-3) acids, dietary fat modifies membrane lipid components and fatty acid composition, which in turn impact the functioning of membrane-bound enzymes, transport systems, binding of ligands to receptors and finally sig nal transduction mechanisms and expression of genes encoding lipogenic enzymes (3-6). ATPases are plasma membrane-bound enzymes of many living cells and play a prominent role in the regulation of trans-mem brane gradient of ions (4).
Arachidonic (20:4 n-6) and docosahexaenoic (22:6 n-3) acids are the two long-chain polyunsaturated fatty acids of membrane phospholipids derived from dietary linoleic (18:2 n-6) and a-linolenic (18:3 n-3) acids re spectively. Of late, the importance of n-3 fatty acids in the maintenance of health and prevention of chronic degenerative diseases has been recognized (6-10). Based on this, emphasis has been laid on the increased consumption of n-3 fatty acids and decreased intake of n-6 acids, or in other words, to decrease the dietary n-6 -to-n-3 fatty acid ratio. It has also been suggested that * E-mail: vajayala@yahoo , com diets should provide an optimal ratio of n-6-to-n-3 fatty acids, which may be between 6-10. This optimal ratio is derived from the fatty acid composition of brain lipids and human milk (8). However, this ratio may vary at different stages of life cycle with respect to different or gans and various physiological and pathological condi tions (8). There is actually little information available concerning the appropriate amounts and optimal ratio of n-6-to-n-3 fatty acids for the modulatory action on membrane structure and function (8).
In India, like elsewhere in the world, fat consumption is influenced by several factors such as socio-economic status, agronomic conditions, regional preferences, reli gious beliefs, culinary practices and Government policy in relation to food and oil supply (11) . Until the recent past, Indian populations were habitually involved in the usage of a single oil as a cooking medium (11, 12) . However, of late, the oil consumption pattern of the Indian population is changing due to emerging scien tific information on the beneficial effects of n-3 fatty acids, the possible negative effects of a high n-6-to-n-3 fatty acid ratio and changing Government policy to per mit the blending of vegetable oils (11, 13) . To this effect, the blending of commonly consumed and largely pro duced vegetable oils in different proportions has been recommended by our institute to mitigate the possible negative effects of only single vegetable oil consumption (11) . In the present study, we have used blends of two vegetable oils, namely safflower oil (a commonly con sumed linoleic acid-rich vegetable oil) with soybean oil (largely produced vegetable oil in India), with moderate levels of a-linolenic acid in specific proportions to ob tain three n-6-to-n-3 fatty acid ratios. Of the three n-6 -to-n-3 fatty acid ratios employed in this study, only 120 is high and the other two ratios (40 and 8) are in the usual range of n-6-to-n-3 fatty acid ratios of Indian (urban and rural) diets (11, 12) .
The impact of these blended oils on erythrocyte lipid composition and function in terms of activities of mem brane-bound enzymes has been assessed. We have par ticularly chosen the erythrocytes for this purpose, as they represent the prototype of plasma membranes and are easy to isolate and highly responsive to lipid milieu both under in vitro and in vivo conditions. In addition, the EM lipid and fatty acid compositions reflect not only the habitual dietary fat intake but also the underlying developmental, metabolic changes and potential disease processes.
MATERIALS AND METHODS
Substrates and chemicals. The substrates and chemi cals used for enzyme assays were obtained from Sigma Chemicals, St. Louis, MO, USA. The solvents used were of analytical grade, and reference standards for gas chromatographic analysis were procured from Nu chek Prep. (Elysian, MN) .
Animals and diets. The research proposal concern ing this study was submitted to the Institutional Animal Ethical Committee (IAEC) and prior approval was obtained. Values are expressed as percentage except for ratios.
ND: non-detectable.
perimental feeding, blood was collected by capillary tube by ocular vein puncture. Plasma was separated and erythrocytes were washed and processed for plasma membrane isolation as described by Kaplay (14) . Enzymatic assays. Na+, K+ -ATPase (EC 3.6.1.3) was assayed according to the method of Post and Sen (15) . The final volume of reaction mixture was 0.5mL and had 140mmol/L NaCl, 14mmol/L KCl, 3mmol/L MgCl2, 3mmol/L Tris-ATP, 1mmol/L EGTA and 50 mmol/L Tris-HCl(pH 7.4). Ouabain, when added, was a 1mmol/L concentration. Ca2, Mg2+ -ATPase (EC 3.6.1.3) was assayed according to the method of Schatzmann and Rossi (16) . The reaction was carried out in a medium containing 100mmol/L KCl, 2mmol/L MgC12, 3mmol/L Tris-ATP, 50mmol/L Tris HCl (pH 7.4), 0.3 mmol/L CaCl2 and 1mmol/L ouabain in a final volume of 0.5mL. The blank contained 0.5mmol/LEGTA in place of CaCl2. Acetylcholinesterase (EC 3.1.1.8) activ ity was measured according to the method of Ellman et al. (17) with a minor modification in a medium con taining 50mmol/L Tris-HCl(pH 7.4), 0.2mmol/L Tris EDTA, 0.1mmol/L DTNB (5,5'-dithiobis 2-nitrobenzoic acid), 1mmol/L acetylthioidide in a total volume of 1.5mL. The reaction was stopped by adding 1.5mL of absolute alcohol, and the colour was read at 412nm. Membrane protein was estimated according to the method of Lowry et al. (18) using crystalline bovine serum albumin as the standard.
Extraction and analysis of lipids. The method of Folch et al. (19) was employed for the extraction of total lipids using 2:1 chloroform : methanol, to which 25mg BHT/L was added as an antioxidant. Phospholipid phos phorus was determined according to the method of Bartlett (20) and total cholesterol by the method of Zlatkis et al. (21) . 
RESULTS
It is evident from the results ( Table 3 ) that with the feeding of a diet having a fatty acid ratio of 120, the higher n-6-to-n-3 acid ratio caused an increase in the highest arachidonic (20:4 n-6) acid content of the EMS. On the other hand, higher levels of docosahexaenoic (22:6 n-3) and eicosapentaenoic (20:5 n-3) acids were observed in the EMs of rats fed diets having n-6-to-n-3 fatty acid ratios of 40 and 8. Besides these expected changes, which are reflections of the dietary fat fed, the erythrocyte membranes of rats fed n-6-to-n-3 fatty acids at a ratio of 8 revealed significantly high proportions of stearic (18:0) and oliec (18:1 n-9) acids, and signifi cantly lower proportions of linoleic (18:2 n-6) and arachidonic (20:4 n-6) acids compared to the other two groups However, this dietary n-6-to-n-3 fatty acid ratio (8) had no impact on the ratios of either unsaturated to saturated fatty acids or double bond index (data not shown) compared to rats fed diets with n-6-to-n-3 fatty acid ratios of 120 and 40. The total monounsaturated fatty acid (MUFA) content of this group was signifi cantly higher than the other two groups. Although the polyunsaturated fatty acid contents of various groups were not affected by dietary alterations in the n-6-to-n 3 fatty acids ratio, the EMS of rats fed a dietary n-6-to Table 3 . Major fatty acids of erythrocyte membrane lipids from rats fed diets with varied n-6-to-n-3 fatty acid ratios. n-3 fatty acid ratio of 120 had the highest total n-6-to n-3 fatty acid ratio. The ratios of 20:4 n-6-to-18:2 n-6 and 22:6 n-3-to-18:3 n-3, which are indicative of the preponderance of either n-6 or n-3 fatty acid in the diet, suggested that the EMS of rats fed the highest n-6-to-n-3 fatty acid ratio had the highest ratio for the former and the group with the n-6-to-n-3 fatty acid ratio of 8 had the highest value for the latter. The concentrations of cholesterol and phospholipids showed distinct differences in erythrocyte membranes isolated from the three groups (Table 4) . Both choles terol and phospholipid contents were higher in the EMS of rats with the dietary n-6-to-n-3 fatty acid ratio of 120 when compared to the other two groups with dietary n-6-to-n-3 fatty acid ratios of 40 and 8 respectively. The concentrations of membrane cholesterol, phospholipids and the ratio of cholesterol to phospholipids were signif icantly decreased in the dietary group with a n-6-to-n-3 fatty acid ratio of 40.
Specific activities of membrane-bound enzymes are shown in Figs. 1, 2 and 3 . The activities of Na+, K+ -ATPase and Ca2+, Mg2+ -ATPase were found to be high est in the erythrocyte membranes of rats with dietary n-6-to-n-3 ratio of 40 as compared to those of rats on di etary n-6-to-n-3 fatty acid ratios of 120 and 8. The ac tivity of acetylcholinesterase was considerably higher in groups with n-6-to-n-3 fatty acid ratios of 120 and 8 as compared to that of the dietary n-6-to-n-3 fatty acid ratio of 40.
DISCUSSION
The results of the present study indicate that blended oils with various n-6-to-n-3 fatty acid ratios have pro found effects on the lipid composition of the erythrocyte membrane, which in turn, influences the activities of membrane-bound
enzymes. An extensive review of re lated literature indicates that there are several studies including our own regarding the effects of individual vegetable oils with diverse fatty acid compositions and n-6 and n-3 fatty acid contents on erythrocyte mem brane fatty acid composition and membrane fluidity (23) (24) (25) . However, this study is the first of its kind wherein two oils, one with very high levels of linolenic acid (18:2 n-6) and the other with moderate levels of a Fig. 1 linoleic (18:3 n-3) acid, have been blended to obtain high, moderate and low (120, 40 and 8) ratios of n-6 to-n-3 fatty acids, and related enzymes of significance have been studied. The results on fatty acid composition suggest that the EMS of the rats that received an oil blend of 40 had in termediary levels of several fatty acids such as stearic (18:0), oleic (18:1 n-9), linoleic (18:2 n-6), arachidonic (20:4 n-6) and docosahexaenoic (22:6 n-3) acids. The EMS of this group further displayed increased activities of Na+, K+-ATPase and Ca+, Mg2+-ATPase.
The role of cholesterol in membrane stability and in tegrity is very well established and cholesterol is a major component of eucaryotic cells. In erythrocyte membrane, an increase in membrane cholesterol level brings about a decrease in the activities of ATPases (26 -31) . Although the exact mechanism by which higher membrane cholesterol brings about the inhibition of Na+, K+ -ATPase is not clear, several studies indicate that cholesterol can cause a substantial modification in the ordering of phospholipids and a decrease in aryl chain volume (1, 30, 31) . They are sensitive to alter ation in the membrane cholesterol-to-phospholipid molar ratio resulting from increased membrane choles terol, and thereby inhibit the activities of Na+, K+ -ATPase and Cat+ -ATPase. Na+, K+ -ATPase is an impor tant multifunctional protein system located in the plasma membranes of most cells. It is the only ion pump that contains a receptor (4). It is interesting to note that diets with a very high ratio of n-6-to-n-3 fatty acids (120) showed significantly higher levels of cholesterol and phospholipids in their membranes, thereby result ing in a higher cholesterol-to-phospholipid molar ratio as compared to the group with a n-6-to-n-3 ratio of 40; with these membranes displaying decreased activities of Na+, K+ -ATPase and Ca2+, Mg2+ -ATPase. The exact mechanism by which EMS cholesterol content in creased in the groups of animals that received diets hav ing n-6-to-n-3 fatty acid ratios of 120 and 8 is not clear. However, the feeding of high linoleic acid diets (such as safflower oil) is known to cause cholesterol accumula tion in the rat and guinea pig EMS, perhaps as a com pensatory mechanism to increase lipid order in the event of increased phospholipid unsaturation (23, 32) . Regardless of the mechanism, the inhibition of Na+, K+ -ATPase through increased levels of membrane choles terol in the EMS of rats fed very high linoleic acid-con taining diets has significant implications for cellular en ergy metabolism since 20-50% of the total production of cellular energy is used by Na+, K+ -ATPase (33).
Further, decreased red cell membrane Na+, K+ -ATPase has been reported for diabetic rats (34) . The activity of EM-bound Ca2+, Mg2+ -ATPase also showed a significant increase in the group with an in termediary ratio of n-6-to-n-3 fatty acids (40) as com pared to the other two groups. Lee et al. (35) extensively studied the behaviour of this enzyme in altered lipid en vironments and established a lack of apparent associa tion between the degree of unsaturation of the mem brane lipids and Ca2+, Mg2+ -ATPase of sarcoplasmic reticulum. However, subsequently Michelangeli et al. (36) demonstrated an interaction of cholesterol with Ca2+, Mg2+ -ATPase that was capable of bringing about the inhibition of activity. In fact, Madden et al. (37) demonstrated a decreased activity of Ca2+, Mg2+ -ATPase with an increased cholesterol content in the sarcoplasmic reticulum. Further, the feeding of choles terol resulted in increased activity of this enzyme in var ious tissues (31) . However, our results suggest that moderate proportions of both n-6 and n-3 fatty acids of erythrocyte membrane are favourable for the optimal activity of plasma membrane-Ca2+, Mg2+ -ATPase as compared to the very rich n-6 fatty acid diets. Interestingly, these membranes also had the lowest cho lesterol-to-phospholipid molar ratio.
Acetylcholinesterase is yet another membrane bound enzyme present in erythrocyte membranes and neuronal endings. Although the precise function of acetylcholinesterase in EMS is not clear, it has been im plicated in several metabolic processes, maintenance of cell volume, shape, function, and stability of erythro cytes (38) . Lipid protein interactions of human erythro cyte membrane acetylcholinesterase have been studied, and it has been concluded that although the enzyme as such is not a lipid-dependent one, it is strongly modu lated by its hydrophobic environment. The depressed activity of acetylcholinesterase of EMS has been re ported in diabetes, in vitro and in vivo conditions result ing in cholesterol depletion (39, 40) . On the other hand, in experimental rats with spontaneous hyperten sion, along with increased cholesterol and calcium con tents of the membranes, there is enhanced activity of acetylcholinesterase of the erythrocyte membrane (41) . In the present study, the elevated cholesterol levels in the EMS of rats fed diets with n-6-to-n-3 fatty acid ratios of 120 and 8 must be responsible for the higher activity of this enzyme. It may be noted that though 120 is a very high n-6-to-n-3 fatty acid ratio, the other two ra tios reflect the usual range of dietary n-6-to-n-3 fatty acid ratios of normal (high and low) income groups in India. Although, these results cannot be extrapolated to human situations, they may form a basis for the devel opment of oil blends that can be tested for their nutri tional and physiological effects in human subjects. 
